The finding of a decrease in subsequent fibroid-related operation following the use of Chinese herbal products (CHPs) has led to speculation that CHPs might play a role in uterine fibroids prevention.
Introduction
Most women suffer from ≥1 uterine fibroids (leiomyoma), which are the leading cause of hysterectomy (removal of the uterus) during their reproductive lifespan. [1] In the United States, more than half of women aged 15 to 50 years experience fibroid-related symptoms or health concerns. [2, 3] Fibroid-related symptoms include prolonged menstrual period, profound bleeding, pelvic pressure or pain, abnormal bowel function, urinary frequency, and pain with intercourse. [4] As recommended by the United States' Agency for Healthcare Research and Quality, most studies have adopted research questions aimed at assessing the disease burden and identifying and selecting strategies for fibroid management. Although a variety of risk factors, including age at menarche, parity, and race/ethnicity, have been reported, the etiology of uterine fibroids is not well understood. Therefore, no effective therapy for uterine fibroids has been developed yet. [5] This study was designed to bridge this research gap by applying a retrospective survey to a nationwide cohort of women before a diagnosis of uterine fibroids. The only previous survey of women before a diagnosis of uterine fibroids did not include information on asymptomatic fibroids [6] ; this oversight is a common and critical problem in fibroid research, given the underestimation of the prevalence of this disease.
The traditional Chinese medicine (TCM) holistic concept of treating a patient's system as a whole as opposed to the reductionist model of Western medicine began considerable migration to Taiwan from the Chinese mainland as early as 1664. [7] TCM is now firmly established in Taiwanese society. When women seek TCM advice for gynecological disorders, TCM doctors consider potential uterine fibroid risk factors, such as menstruation irregularities, the amount of menstrual blood flow, period blood color, period clots, menstrual cramps, premenstrual syndrome, obesity, and unhealthy lifestyles, and then prescribe appropriate Chinese herbal products (CHPs). However, for more than a century, Western medicine has become a dominant force in women's health care. The fees for both Western medicine and TCM diagnosis and treatment are covered by the National Health Insurance system in Taiwan. Women with gynecological discomfort are free to select their own healthcare. For centuries, harmony with nature is the core value of TCM, and TCM has been used in Taiwan for hundreds of years; therefore, TCM is growing in popularity in Taiwan not merely because of such value, but gynecological drug therapies in regulating the menstrual cycle, enhancing fertility as either abortifacients cause discomfort and severe side effects that female population tend to prefer such value nowadays.
According to TCM, the formation and growth of uterine fibroids are due to an accumulation of stagnated Qi and blood at a certain time in the pelvic area. TCM practitioners are well trained to detect the severity of Qi stagnation and blood stasis in women (referred to as "suboptimal health status") before the point at which uterine fibroids form and/or are large enough to be recognized or diagnosed. TCM practitioners also are instructed women are constantly throwing off a storm of signals through their menstruation before or during the formation of a uterine fibroid, such as irregular menstruation, heavy menstrual bleeding, some brown discharge or dark brown blood, menstrual cramps, and premenstrual syndrome. Therefore, TCM practitioners believe that ensuring proper blood movement and smooth flow of Qi will relieve gynecological disorders and prevent stagnated Qi and blood from accumulating in the uterus, thereby preventing fibroid formation. On the basis of this unique TCM concept, our recent study supported the hypothesis of an inhibitory effect of TCM formulae (containing estrogenic herbs) on carcinogenesis in breast carcinoma. [8, 9] The aim of the present study was to investigate the benefit of TCM formulae or estrogenic herbs (ginseng, angelica) on estrogen-dependent fibroid prevention.
Methods

Ethics statement
The National Health Insurance (NHI) system, established in Taiwan in 1995, covers 99% of the Taiwanese population. With strict confidentiality guidelines that are closely followed in accordance with the Electronic Data Protection Act, the National Health Research Institutes (NHRI) anonymize and maintain NHI reimbursement data as files suitable for institutional research. The identification numbers of all individuals with reimbursement data in the NHI database are encrypted to protect their privacy. Our study was approved by the Institutional Review Board (IRB) of Taoyuan General Hospital, which is certified by the Ministry of Health and Welfare, Taiwan (IRB Approval Number: TYGH106-6).
Study design and population
This population-based cohort study explored the association between CHP prescriptions and the occurrence of uterine fibroids in Taiwan between January 1, 1997 and December 31, 2013. All data were obtained from the National Health Insurance Research Database (NHIRD). Each file contained medical information including data on inpatient and outpatient care facilities, drug and CHP prescriptions, and dates of each prescription, as well as patient sex, date of birth, dates of visits or hospitalizations, and diagnoses coded in the format of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). To facilitate research, the NHRI created a simple random sample of 1 million individuals from the 22 million insured people in Taiwan (NHIRD), a cohort that was further validated to be representative of the entire insured population of Taiwan.
The selection of study patients from the random sample was performed as follows ( Fig. 1 ). First, all male patients (n = 485,509) or those with missing information concerning sex (n = 18,727) were excluded. Age was computed by subtracting the each patient's date of birth from the 1st day of July for each year. Patients under 20 (n = 163,902) or over 45 (n = 217,795) years of age were excluded to limit the study sample to women of reproductive age in Taiwan. A patient was defined as having uterine fibroids if she had been diagnosed as having uterine fibroids (ICD-9-CM: 218 or A-code: A152) between 2000 and 2013. Patients diagnosed within a 3-year range (1997) (1998) (1999) were then excluded to avoid the inclusion of 199 cases with a previous history of uterine fibroids. To control for potential confounding factors, 37 patients with a history of hysterectomy were excluded. Additionally, a total of 930 patients with missing demographic data, 58,162 patients with a history of hospitalizations or emergency room visit for gynecological reasons and 2588 patients being prescribed CHP 3 months before a diagnosis of uterine fibroids were excluded. Finally, 52,151 patients qualified for inclusion in our study cohort. They were further divided into non-CHP users (n = 15,029) and CHP users (n = 37,122). Non-CHP users were defined as those who had never been prescribed CHP. CHP users were defined as those who had ever been prescribed CHP. Among the remaining 52,151 women, 2069 CHP users were matched to 4138 non-CHP users based on age, demographic factors, frequency of gynecological outpatient visit, gynecological disease (polycystic ovary syndrome, irregular menstrual cycle, premenstrual tension syndrome), HT usage (types and prescription patterns of HT and time since last known HT use) and number of physician visits for gynecological disease using the exact matching to reduce the bias from confounding variables.
Study variables
To identify the key factors associated with the development of uterine fibroids, demographic factors were selected according to previous studies. [10] [11] [12] The first date of coding was defined as the index date. We calculated the age from the index date. Patients' monthly income in New Taiwan dollars (NT$) was assigned to one of the following four categories: NT$0, NT$1 to NT$19,999, NT$20,000 to NT$39,999, and ≥NT$40,000. Furthermore, the level of urbanization of the community of residence was stratified into 3 classifications. [13] The baseline comorbidities included polycystic ovary syndrome, irregular menstruation, premenstrual syndrome.
Exposure assessment for hormone therapy
The reimbursement database contained details regarding the prescribed conventional medicines, which included all types of hormone therapy (HT) and the commercial names of 14 types of estrogen-containing drugs and 10 types of progestogencontaining drugs. 
CHPs and exposure assessment
To prevent confounding by the indication of uterine fibroids, only medications (including herbal products) prescribed 3 months before the diagnosis of uterine fibroids were considered in the exposure dose. Corresponding information regarding the CHPs was obtained from the Department of Chinese Medicine and Pharmacy (DCMP), Ministry of Health and Welfare, Taiwan, including the name of each herb or herbal formula, effective approval date and period, DCMP manufacturer code, and name of the CHP manufacturer. In addition, each pharmaceutical company publishes and submits detailed information on the composition of every product, which can be retrieved from the DCMP website. [14] All CHPs that have favorable manufacturing practices and meet DCMP standards receive the same classification. On the basis of the aforementioned information, the original amount of each herb or herbal formula in grams could be determined for calculating the cumulative doses prescribed to the patients.
Data analysis
The x 2 test was used to compare the distributions of age (20-24, 25-29, 30-34, and 35-45 years), income level, urbanization status, selected underlying illnesses, CHP, and HT usage between the non-CHP and CHP groups. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using a multivariate Cox proportional hazard regression model to assess the risk of uterine fibroids by adjusting for age, income level, urbanization status, gynecological disease (polycystic ovary syndrome, irregular menstrual cycle, premenstrual tension syndrome), and HT usage. Multivariate Cox proportional hazard regression models were employed to determine the effect of phytoestrogen herbs, ginseng and angelica, on the risk of uterine fibroids by using HRs with 95% CIs. Further data analysis was performed to evaluate cumulative CHP dose (300 g, 301-1800 g, >1800 g) for uterine fibroids patients in the CHP group. The age-specific incidence density rate was also evaluated when the denominator was the sum of the person-time values (person-years in the current study) of the at-risk population. The date of censoring was either the date of a patient's withdrawal from the NHI or the study termination date (ie, December 31, 2013). Death was defined as withdrawal of the patient from the NHI program. A significance level of a = 0.01 was selected. SAS version 9.4 (SAS Institute, Cary, NC) was used for data management and analysis.
Results
The database of outpatient claims from 2000 to 2013 contains information on 52,151 female patients. Among them, 37,122 (71.2%) used CHPs (Table 1) . Table 1 shows the characteristics of the study population as well as the use of HT and CHPs. The overall incidence of uterine fibroids in CHP and non-CHP groups was 93.2 and 121.4 per thousand population at risk, respectively. The mean (±standard deviation; SD) age of the non-CHP users was 31.5 (±5.1) years, which was close to that of the CHP users 31.2 (±5.6) years. More non-CHP users than CHP users had income levels of NT$0 to 19,999 and fewer were exposed to exogenous hormones not only types of HT, but also time since last known HT use. Following matching, these 2 groups were substantially more similar than the original groups.
Of the women visiting TCM doctors, 50,889 visits were treated with prescription of Chinese herbal remedies as summarized in Table 2 . Symptoms, signs, and ill-defined conditions were the most frequent indications which CHPs were prescribed by TCM doctors in Taiwan. Table 3 presents the most common herbal formulae prescribed in the CHP visits. Table 4 shows the results of the multivariate Cox model used to control for 7 potential confounders (age, monthly income, urbanization status, polycystic ovary syndrome, irregular menstruation, types and prescription patterns of HT, and time since last known HT use).
Within this population, we identified 857 patients who had been newly diagnosed with myoma (CHP users, n = 230; non-CHP users, n = 627) during the 14-year study period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) and who were aged between 20 and 45 years. The overall incidence densities of the non-CHP and CHP users were 27.5 and 15.5 per 1000 person-years, respectively. The highest incidence density rate was noted in patients aged 30 to 34 and 35 to 45 years (32.7 and 21.8 per 1000 person-years for the non-CHP and CHP groups, respectively). After controlling for potential covariates, women using CHPs were found to have a lower risk of developing myoma, with an overall HR of 0.73 (95% CI, 0.63-0.85). We observed a significant association between myoma status and age (P < .01) and thus conducted further age-stratified analysis. The adjusted HR decreased most in patients using CHPs who were aged 30 to 34 years (HR, 0.67; 95% CI, 0.53-0.85), followed by patients using CHPs who were aged 20 to 24 years (HR, 0.67; 95% CI, 0.42-1.05; Table 4 ). There were about 50% of CHP users adopted phytoestrogen and it is worthy to note that the adjusted HR decreased in phytoestrogen users who were aged 25 to 29 years (HR, 0.58; 95% CI, 0.36-0.91) and aged 30 to 34 years (HR, 0.57; 95% CI, 0.40-0.83) compared with non-CHP users as shown in Table 5 . Table 6 shows the incidence densities and HRs of myoma in non-CHP users and ginseng users. We observed 423 patients with myoma in the non-CHP group and 120 patients with myoma in the ginseng group between 2000 and 2013; for both groups, the highest incidence density rate was noted in patients aged 35 to 45 years (32.0 and 19.3 per 1000 person-years for the non-CHP and ginseng groups, respectively). The overall incidence density rates calculated for the non-CHP and ginseng groups were 27.4 and 11.7 per 1000 person-years, respectively, representing a covariate-adjusted HR of 0.57 (95% CI, 0.46-0.70). Under similar circumstances, as shown in Table 7 , the adjusted HR decreased significantly among the angelica users (HR, 0.64; 95% CI, 0.53-0.77). Table 8 shows the incidence densities and HRs of myoma in non-CHP and CHP users for gynecological disease. We observed 332 patients with myoma in non-CHP group and 89 patients with myoma in CHP group between 2000 and 2013; the adjusted HR decreased most in patients using CHPs who were aged 20 to 24 years (HR, 0.27; 95% CI, 0.12-0.64), followed by patients using CHPs who were aged 30 to 34 years (HR, 0.56; 95% CI, 0.39-0.80). The overall incidence density rates calculated for the non-CHP and CHP groups were 28.3 and 12.1 per 1000 person-years, respectively, representing a covariate-adjusted HR of 0.54 (95% CI, 0.42-0.68). For different amount of cumulative CHP dose, the overall adjusted HR weres 0.60 (95% CI, 0.45-0.80) and 0.42 (95% CI, 0.26-0.68), respectively, decreasing along with the increasing cumulative CHP dose ( Table 9 ). 
Discussion
The present study is, to our knowledge, the first population-based analytical epidemiological study of uterine fibroids based on a nationwide database of representative incident cases with matched controls. Furthermore, this is the first study to report negative relationship between the use of CHPs and the subsequent risk of developing uterine fibroids in a female population. Further analysis indicated that the risk for the development of uterine fibroids among phytoestrogen, ginseng, angelica consumers was decreased compared to those who never used CHP. Our findings on the protective effects of CHPs against uterine fibroids are similar to those of an in vitro study that demonstrated growth inhibitory activity on the human leio-myoma cell line. [15, 16] Major risk factors for uterine fibroids, such as age and HT, were controlled through multivariate modeling and thus could not have acted as confounders in the present study.
The strength of the present study was in using a nationwide representative population (NHIRD) of female patients seeking medical care who had comprehensive 14-year medical records. The diagnosis of uterine fibroids in Taiwan is based on ultrasonographic evidence, and therefore the present study was able to avoid the false-positive and -negative results of questionnaire studies. [3, 17, 18] A previous study posited that focusing primarily on symptomatic women underestimates the true prevalence of uterine fibroids because of the unknown distribution of subclinical tumors. [2] However, the NHIRD covers >99.5% of the Taiwanese population who have sought medical help in actual practices and researchers have used this database to prove that the incidence of breast cancer [19] and preterm birth [20] is significantly higher in patients with uterine fibroids than in those without uterine fibroids.
Previous clinical and experimental studies have confirmed that estrogen and progesterone are critical factors in the onset and growth of uterine fibroids. [21, 22] In addition, our previous study revealed that, unexpectedly, female patients who sought medical advice from TCM health care were most likely to consume Table 4 Overall and age-specific incidence densities and relative hazards of myoma (ICD-9:218) in the non-CHP and CHP groups. phytoestrogens, which are weak estrogens. [23] Additionally, estrogen-like herbs, such as ginseng and angelica, were frequently prescribed for treating primary dysmenorrhea in Taiwan, 2 contain ginseng and 8 contain angelica. [24] However, no studies have investigated whether female consumers of CHP have an increased subsequent risk of developing uterine fibroids. The present findings show a negative relationship between consump-tion of CHPs and subsequent risk of uterine fibroids in female patients ( Table 4 ). As shown in Tables 5-8, the analysis was limited to women who consumed CHPs containing phytoestrogen and estrogen-like herbs (ginseng and angelica) because these Chinese herbs could be a confounding factor in the development of uterine fibroids. The present study found that the age distribution independently contributes to negative results among Table 5 Overall and age-specific incidence densities and relative hazards of myoma (ICD-9:218) in the Non-CHP and PHYTO groups. ICD-9 = International Classification of Diseases, Ninth Revision, CHP = Chinese herbal product, ID = incidence density; CI = confidence interval; IR = incidence rate; HR = hazard ratio; AHR = adjusted hazard ratio; PHYTO = phyto-estrogens. * P < .01. † PHYTO CHPs users included CHP containing phytoestrogen herbs. ‡ Based on Poisson assumption.
x Based on Cox proportional hazard regression with adjustment for age, income level, urbanization status, history of polycystic ovary syndrome, irregular menstruation, premenstrual syndrome, and HT usage. Table 6 Overall and age-specific incidence densities and relative hazards of myoma (ICD-9:218) in the Non-CHP and GINSENG groups. Overall and age-specific incidence densities and relative hazards of myoma (ICD-9:218) in the Non-CHP and ANGELICA groups. relative elders resulting in reducing the protective effect of CHP against developing uterine fibroids. Nevertheless, a decreased risk of developing uterine fibroids was still observed in most of the subgroups in the CHP group. Our previous study supported the assumption that the antiestrogenic effect of CHPs may inhibit the proliferation and growth of estrogen-dependent breast cancer cells. [23, 25, 26] Similarly, we were unable to rule out the possibility that consumption of CHPs, particularly those containing estrogen-like Chinese herbs, inhibits the proliferation and growth of estrogen-dependent uterine fibroids. Despite these potentially promising results, further research is warranted to clarify the potential molecular mechanisms of phytoestrogens involved in uterine fibroid development and growth. Our previous clinical trial revealed that Chinese herbs are effective in reducing heavy menstrual bleeding and relieving period cramps before or during menstruation, [2] which might be the most common symptoms of uterine fibroids. [27] The present study demonstrated that the three most frequently prescribed formulas for relieving discomfort among the female population were Jia-Wei-Xiao-Yao-San, Chuan-Xiong-Cha-Tiao-San, and Ge-Gen-Tang, which, according to the classical literature, are said to calm the liver, resolve depression, and alleviate musculoskeletal pain and fatigue, respectively. Chinese herbs clearly mediate the fluctuations in women's hormonal milieu, resulting in the delayed onset or slowed growth of uterine fibroids. TCM doctors treat symptom, signs, and ill-defined conditions on the basis of holistic considerations for women who suffer from multiple symptoms in many organ systems, rather than by making a successful clinical diagnosis, which is among the most critical tasks for physicians. From the viewpoint of TCM, uterine fibroids occur because dampness and pathogenic phlegm prevent the free flow of blood and Qi in the uterus. Therefore, when a deficiency of blood or Qi is diagnosed, TCM doctors frequently prescribe CHPs containing angelica or ginseng, respectively, to alleviate symptoms related to gynecological disorders (a pathological summary of the body's health condition at a particular stage in the disease process). This unique treatment philosophy of TCM, which can possibly be used to adjust the potential determinants of uterine fibroid risk, is likely to achieve a lower risk of developing subsequent uterine fibroids. According to our research, this is the first study to indicate that Chinese herbs, particularly ginseng, angelica, and phytoestrogens, might be effective as a prophylactic treatment for uterine fibroids in Asian women after taking potential risk factors into consideration.
The present study had some limitations. First, our study identified patients with uterine fibroids on the basis of ICD-9-CM codes in the NHIRD. We could not distinguish whether uterine Table 8 Overall and age-specific incidence densities and relative hazards of myoma (ICD-9:218) in the Non-CHP and CHP users for gynecological disease. Overall and age-specific incidence densities and relative hazards of myoma (ICD-9:218) among CHP users in the different cumulative dose groups. fibroids had been diagnosed using ultrasound, histologically, or on the basis of symptoms. Therefore, we may not have included asymptomatic patients. Second, only the prescription duration could be ascertained, and the compliance was unknown; we were therefore unable to assess the efficacy. Accurate assessment of efficacy requires further study. Third, the NHIRD does not contain information on menopausal status; however, we attempted to control for this factor by performing age matching. Fourth, numerous studies of TCM have been conducted in recent years. The results of several studies implied that TCM was only a powerful placebo; we could not rule out this potential possibility. Finally, according to a previous study, other risk factors exist for the development of uterine fibroids, such as body mass index, family, pregnancy, and menopausal status. These risk factors were unavailable because of the encryption of the database.
Conclusions
In conclusion, CHPs seems to contribute to a decreased risk in developing uterine fibroids. However, additional double-blind, randomized, placebo-control studies are needed for evaluating the efficacy of ginseng, angelica, and phytoestrogen as a method for preventing uterine fibroids. Our findings suggest that TCM care might be beneficial to prevent women from developing uterine fibroids.
